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57 ABSTRACT 
A simple, three element, charge pumped, automatic 
refresh dynamic storage RAM cell is disclosed. Infor 
mation is represented by the charge of the capacitance 
coupling to the substrate. The storage junction gates a 
transistor enabling the application of a refresh signal to 
the gate of a refresh capacitor element whenever the 
charge state represents a first value. The refresh signal 
pumps charge (electrons) from the storage junction 
through the refresh capacitor to maintain the junction 
voltage at a level sufficient to continue representing the 
storage of a first valued signal. 

10 Claims, 3 Drawing Figures 
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4,161,791 
1. 

AUTOMATC REFRESH MEMORY CELL 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention relates to semiconductor mem 

ories and more particularly, to an integrated circuit, 
three-element, charge pumped, automatic refresh, dy 
namic storage, random access memory cell. 

2. Description of the Prior Art 
In the prior art, semiconductor random access memo 

ries are well known. Dynamic semiconductor memories 
utilize charge stored in the capacitance between the 
device and the substrate to represent a particular value 
of information being stored. In order to retain the infor 
mation in storage, it is then necessary to counteract the 
effect of the various leakage phenomena which cause 
the value of the stored charge to change. 
The prior art has solved this problem by utilizing 

various "refreshing' schemes. Dynamic Random Ac 
cess Memory Cells are described in some detail in Chap 
ter 5, Section 5.3 from pages 120-124, in the volume 
"Semiconductor Memory Design and Application' by 
G. Luecke et al., published by McGraw-Hill Book 
Company as a part of the Texas Instruments Electronics 
Series. 
The prior art has also disclosed the use of a phenome 

non known as "charge pumping' in a random access 
memory cell. One such example has been disclosed in 
"Semiconductor Memory Design and Application', 
supra, at page 132, Section 5.6.2, pages 132-134, in 
which the charge pump phenomenon was employed in 
a crosscoupled RAM cell utilizing semiconductor load 
devices. A charge pump supply provided a constant 
current supply which was deemed to be an ideal load 
device, and which could be achieved with minimum 
geometry while still retaining the high load resistance. 

In a paper delivered to the 1976 IEEE International 
Solid State Circuits Conference in February, 1976 and 
reported in the digest of technical papers at pages 132 
and 133, an Automatic Refresh Dynamic Memory was 
disclosed by authors Harry J. Boll, et al. of the Bell 
Laboratories. This automatic refresh cell comprised 
approximately six devices, although an experimental 
device appeared to utilize only five. The circuit oper 
ated at voltages of from 6 to 8 volts on the refresh line. 
An interesting variation on the dynamic RAM cell 

was described in Section 5.6.3 of the Luecke et al. book, 
supra, at pages 134, 135. A three transistor MOS cell, 
originally disclosed by Walther and McCoy in ISSCC 
1972, Digest of Technical Papers, pp. 14-15, utilized the 
parasitic gate capacitance to "refresh' a storage capaci 
tor during each read-write cycle. The use of the para 
sitic gate to substrate capacitance as the storage element 
in a three transistor dynamic MOSFET cell was de 
scribed in the book, "Physics of Computer Memory 
Devices' by Middelhoek, et al., published by Academic 
Press. 

It is a continuing goal of designers to produce a ran 
dom access memory device of low power, high speed, 
and small size, which can most efficiently utilize the 
available semiconductor substrate. Further, it has been 
deemed desirable to have such devices operating at 
voltages in the range of 5 volts or less. Obviously, the 
polarity of the operating voltages is a function of the 
technology to be employed, whether it be n-channel or 
p-channel. 
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2 
SUMMARY OF THE INVENTION 

According to the present invention, an improved, 
three-element random access memory cell is provided 
which dynamically stores information in the gate to 
substrate capacitance and which, through the phenome 
non of charge pumping a semiconductor capacitor, 
employs a periodic refresh signal to restore any charge 
which leaks to the storage node between successive 
applications of the refresh signal. 

In the preferred embodiment, a storage cell utilizes 
two enhancement mode MOS field effect transistors 
(MOSFET), and one depletion mode capacitor. The 
coincident information lines which select a particular 
storage element in a matrix are coupled to a gate and 
one of the source and drain of a first transistor. The 
other of the source and drain connects to a junction, the 
voltage of which represents the value of an information 
bit stored in the cell. 
The storage junction is coupled to the gate of a re 

fresh transistor and to the connected source and drain of 
a capacitor. The gate of the capacitor is coupled to one 
of the source and drain of the refresh transistor, the 
other of which is connected to a source of refresh sig 
nals. In the preferred embodiment, the refresh signal is 
a sinusoidal signal of approximately 5 volts peak-to 
peak operating between 0 and 5.0 volts. 

In operation, 5.0 volts on the word and bit lines 
causes approximately 4.0 volts to be stored on the junc 
tion which includes the first capacitor and which has an 
effective capacitance to substrate. This voltage is suffi 
cient to bias the refresh transistor into conduction so 
that the refresh signal can then be applied to the gate of 
the first capacitor. Between each refresh cycle, charge, 
in the form of electrons, will be leaking onto the storage 
node of the capacitor, causing the original 40 volts to 
drop slightly. As long as the refresh signal is applied 
before leakage drops the voltage below the conduction 
(threshold) voltage of the refresh transistor, the charge 
pumping phenomenon will take place, pumping elec 
trons off the storage node and back into the substrate, 
and thus causing the voltage on the storage node to rise. 
When a “0” is stored, represented by a low voltage at 

the junction, the refresh transistor remains gated off and 
the refresh signal cannot be applied to the capacitor. 
Since a stored "1" (high voltage resulting from a de 
pleted electron population) tends to leak, it is important 
that the refresh signal be applied before the voltage at 
the storage junction falls below a value that maintains 
the refresh transistor conductive. 
The cell of the preferred embodiment can readily be 

employed in a multibit random access memory and can 
be arranged in a matrix where, for example, row en 
abling signals might correspond to the word line and 
column enabling signals would correspond to the bit 
line thereby permitting a unique selection of a cell 
within a matrix by appropriate energization of the row 
and column lines. The refresh signal is applied simulta 
neously to all cells in the matrix. All cells containing a 
positive charge as a result of a depleted electron popula 
tion are then given an incremental positive charge in 
crease as a result of charge pumping out additional 
electrons until the voltage at the storage node reaches a 
level that suppresses the charge pumping process. This 
is believed to be caused by the effective change of ca 
pacitance resulting from the formation of the inversion 
layer. 
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BRIEF OESCRIPTION OF THE DRAWINGS 

FIG. 1 is a circuit diagram of a memory cell accord 
ing to the present invention; 
FIG. 2 is a diagram of a plurality of cells arranged in 

: matrix; and 
FIG. 3 is a diagram of an alternative source of refresh 

signals. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Turning first to FIG. 1, there is shown in schematic 
form, a typical random access memory cell 10 accord 
ing to the present invention. Since the present cell is 
intended to work in a matrix configuration, information 
is applied to the cell through the use of a first or word 
line 12, here designated Wi and a second orbit line B14. 

In the preferred embodiment, which utilizes n-chan 
nel technology, the word line is shown coupled to the 
drain of a first Qi MOSFET 16. The bit line 14 is cou 
pled to the gate of Q1 16 and the source is connected to 
a storage junction 18. 
A source of refresh signals 20 is coupled to the drain 

of a refresh Q2 MOSFET 22, the gate of which is cou 
pled to the storage junction 18. The MOSFET elements 
are, in the preferred embodiment, enhancement mode 
devices. A depletion mode, MOS capacitor C1 24 is 
connected via the source/drain to the junction 18, and 
the gate is coupled to the source of the Q2 MOSFET22. 

Indicated in dotted lines, is a second capacitor C, 26 
which is shown coupled to a source of reference poten 
tial V. 28 and represents the diffusion to substrate or 
parasitic capacitance of the device. If a negative back 
bias is applied to the substrate, the reference potential 
will be at that voltage. 

If a ground plane or bus is provided that is in proxim 
ity to the diffusion, there may be a first capacitance to 
ground and a second capacitance to the substrate. In the 
absence of a bias, the reference potential is ground. 

In the preferred embodiment, utilizing n-channel 
MOS technology, a positive, 5.0 v. represents a binary 
“1” while 0 v. represents a binary "O'. Accordingly, 
when it is desired to store a '0' bit, the word line W12 
will be at ground when the bit line Bi 14 has a 5.0 v. 
signal applied thereto. This biases the Q1 transistor 16 
into conduction and the voltage on the word line W 12 
is applied to the storage junction 18. 

Since the word line W 12 voltage is substantially 0, 
no potential difference is applied to the junction 18, and 
therefore no positive potential is created in the parallel 
combination of the refresh capacitor C1 24 and the para 
sitic capacitance to the substrate C26. The bias applied 
to the gate of the refresh Q2 transistor 22 is insufficient 
to cause a conduction in that device. Accordingly, the 
refresh signal from the source 20 does not appear at the 
gate of the refresh capacitor C1 24. 
The cell is read by permitting the word line Wii 12 to 

float. When the particular cell is selected by application 
of a 5.0 v. bias to the Biline 14, conduction is enabled in 
the Q1 transistor 16. This causes the voltage on the 
storage junction 18 to appear on the word line Wii 12. In 
this first example, that voltage is a 0, and accordingly, 
the output of the cell would be a "0" representing sig 
nal. 

In order to write a '1' into the cell 10, a 5.0 v. level 
is applied to the word line Wii 12. When the bit line B; 14 
is selected, its voltage rises to 5.0 v., turning on the Q1 
transistor 16. The 5.0 v. appearing on the word line Wi 
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4. 
12 is then applied to the junction 18. Both the refresh 
capacitor C1 24 and the parasitic capacitor C, 26 are 
charged by removing electrons to a voltage approxi 
mately equal to 5.0 v. less the threshold of the transistor 
Q1 16, or a nominal 4.3 volts. The cell is designed so that 
the capacitance of the refresh transistor C1 24 is on the 
same order of magnitude as the parasitic capacitor C 
26. However, C1 24 is made as small as possible to con 
serve "real estate'. 
At the end of the write cycle, the bit select line Bi 14 

is returned to 0, thereby turning off the Q1 transistor 16. 
The positive voltage stored on the capacitors now be 
gins to "leak,' partially as a result of migration of elec 
trons in the refresh capacitor 24 and partially from the 
normal leakage current in the parasitic capacitor 26. 
So long as the magnitude of the voltage at the junc 

tion 18 is sufficient to gate the refresh transistor Q2 22 
into conduction, the refresh signals are applied from the 
source 20 to the gate of the refresh capacitor C1 24. 
The refresh signal, in the preferred embodiment is a 

sine wave having a 5.0 v. peak-to-peak magnitude 
which varies from 0 to 5.0 volts. The voltage applied to 
the gate of the refresh capacitor C1 24 can then range 
from 0 to some voltages less than 5.0 volts correspond 
ing to the threshold of the refresh transistor Q2 22. 
The refresh signal sees the series combination of the 

refresh capacitor C1 24 and the parasitic capacitance C. 
26, which is effectively tied to the back bias potential. 
Accordingly, with a positively charged condition of the 
refresh capacitor, the voltage at the storage junction 18 
is partially bootstrapped by application of the refresh 
signal, and can rise to voltages in excess of the roughly 
4.3 volts to which the capacitor was initially charged. 
The charge pumping phenonema is encountered 

when the voltage at the storage node 18 remains below 
a predetermined value, which, when reached, effec 
tively biases "off" the current flow resulting from the 
charge pumping. Accordingly, during a portion of the 
refresh cycle, a charging current will flow into the 
parasitic capacitor Cp26, partially removing some of the 
electrons which had leaked back. 
One explanation of the charge pumping phenomena 

is, of course, found in the book Semiconductor Design 
and Application, supra, at Section 5.6.2, pp 132, 133. 
Another possible explanation is that as the channel is 
formed and the inversion layer is created, the effective 
separation of the "plates' of the capacitor increases, 
thereby effectively changing the size of the capacitor. 
As a result, the capacitance of the refresh capacitor C1 
24 when discharged is much greater than when the 
same capacitor is fully charged. 
When the source of potential is removed from the 

capacitor, the inversion layer is slowly neutralized over 
time by the return of electrons and the value of capaci 
tance approaches its maximum value. However, the 
combination time is relatively long to the period of the 
refresh signal. 

If the rate of electron return is sufficiently slow, and 
the voltage on the storage node 18 remains above the 
cutoff voltage for charge pumping, a refresh cycle will 
merely drive the voltage at junction 18 through an 
excursion while electrons continue to leak into the para 
sitic capacitor. 

If one plots the voltage at the storage junction 18 
while a '1' is being stored, it will be seen that the curve 
representing the difference between the actual voltage 
at the junction and the excursion resulting from the 
application of a refresh signal, will be a decaying one, so 
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long as the minimum is above the charge pumping cut 
off point. If, however, the minimum falls below that 
cutoff point into the region of charge pumping, it will 
be seen that an incremental voltage increase results after 
each refresh cycle until the cutoff point is again 
reached. 

Since the capacitance of the C refresh capacitor 24 
varies from a maximum value when discharged to a 
minimum value when charged with the voltage con 
stant, as the capacitance changes, some positive charge 
remains. Depending upon the back bias, if any, applied 
to the substrate, the charge pumping phenomenon can 
be cut off with a voltage of approximately 3.5 volts on 
the storage junction 18. 
The exact value of the cutoff point is a function of the 

threshold for the particular device. As the back bias of 
the device is increased, which is the bias applied to the 
substrate, then the threshold increases. Since the charge 
pumping phenomenon works best without a back bias, 
but since some back bias is often used to increase the 
threshold and add stability and reliability to the n-chan 
nel device, a compromise must be reached and some 
optimum combination of device parameters and sub 
strate bias can be selected. 
The nature of the refresh pulses has not been deemed 

significant and it is believed that the phenomenon can 
be employed satisfactorily with sine waves, square 
waves, sawtooth or even intermittent pulses, so long as 
the refresh is applied sufficiently often to prevent the 
storage junction 18 from gaining electrons to reduce the 
voltage to a value which is insufficient to maintain con 
duction in the Q2 or refresh transistor 22. 

Because the refresh capacitor C1 24 is small and be 
cause of the changing capacitance with stored positive 
charge, the refresh signal does not reduce the voltage of 
the storage junction 18 below the voltage at which the 
Q2 or refresh transistor 22 cuts off. The voltage seen on 
the word line, depending upon the refresh cycle, will 
then range between approximately 3 volts and 6 volts. 

In order to read a cell in which a '1' is stored, the 
word line Wil2 is, as before, permitted to float. A signal 
of approximately 5 volts is applied to the bit line B; 14 
which gates on the Q transistor 16. The voltage at the 
storage junction 18 then appears on the word line. 
Working with typical sense amplifiers, a signal as small 
as 3 volts is adequate to establish that a “1” has been 
stored in the cell. 
Turning next to FIG. 2, there is shown in diagram 

matic form, a portion of a typical matrix memory 30 
utilizing individual cells 10 of the present invention. A 
source of refresh voltage 20 is commonly connected to 
all of the cells in the matrix. 
The memory is shown with four columns but only 

two rows on the assumption that the size could be ex 
tended without any difficulty. As shown, two word 
rows are illustrated, W and W2, while four bit columns 
are shown. The bit. columns are arranged with the 
"even' bits to the right of an imaginary central line 
(indicated by the dashed line) while the "odd" num 
bered bits are to the left of the center line 32. All cells 
10 in a row are commonly connected to the same word 
line 34 while all cells in a column are commonly con 
nected to the same bit line 36. 
The word lines 34 are connected both to a selection 

matrix and to a source of input data (not shown). How 
ever, within the memory 30 itself, each word line 34 
includes a line select gate 38. Because the system is 
arranged in a symmetrical configuration, a line select 
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gate 38 is located at the extreme left edge and another 
gate 38' is at the extreme right edge of the word line 34. 
Both line select gates 38, 38' are controlled by a signal 
from the word line select circuits (not shown) which 
enables one of the word lines of the matrix for a writing 
or reading of information. 
A pair of odd/even gates 40, 40' couple the word line 

34 to opposite halves of a sense amplifier 42. A Bodd gate 
40 is enabled when reading from one of the cells 10 in 
the "odd' half of the matrix while the other, Bee select 
gate 40' is energized by the selection of an even num 
bered cell 10. 
A pair of "dummy' memory cells 44, 44' are con 

nected to the word lines going into the sense amplifier 
42. On the left-hand side, a dummy (even) cell 44 is 
provided while on the right side a second dummy (odd) 
cell 44 is provided. Both dummy cells 44, 44' are sub 
stantially identical and each is intended to have a bit 
stored in it. 
The dummy cells 44, 44 differ from regular memory 

cells 10 only in that they are approximately one half the 
size. The information stored therein would be consid 
ered equivalent to "'. As a consequence, whenever the 
memory is read, the sense amplifier 42 has applied to 
one side, a signal representing a "', supplied by a 
dummy cell 44 and, on the other side, a signal represent 
ing either “1” or "0", which is supplied by the memory 
cell 10. At the end of each read cycle, the sense ampli 
fier 44 supplies to the utilization circuits, an unequivocal 
signal, representing either a binary “1” or binary "0", 
depending upon the contents of the cell 10 interrogated. 
To write into a cell 10, a signal representing the infor 

mation to be stored, which in a preferred embodiment is 
5.0 volts for a “1” and 0. volts for an "0", is placed on 
the word line 34 of the selected row. When the proper 
bit line 36 is energized with a 5.0 volt signal, a Bodd or 
Been signal is also generated, depending upon whether 
the selected bit column is "odd' or "even'. w 
The application of the bit line signal stores the con 

tents of the word line in the selected cell 10. At the same 
time, a charge of smaller magnitude is resident in the 
dummy cell 44 on the "opposite' side. The refresh line 
46 is applied to the dummy cells 44 as well as to all the 
other cells 10 of the memory 30. 
Turning finally to FIG. 3, there is shown, diagram 

matically, a version of a refresh system which, rather 
than utilizing a sine wave generator to provide refresh 
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pulses, uses a pulse generator which is triggered by a 
clock signal which occurs during each operating cycle. 
Depending upon the rate at which electrons drift back 
to the storage cell, it may be sufficient to supply a re 
fresh pulse after each write cycle, or after each read 
cycle. If the diffusion to substrate capacitance is suffi 
ciently small, then the refresh must be applied more 
frequently and may be required after each read cycle 
and write cycle, or some other arrangement may be 
required to assure the necessary reapplications of the 
refresh pulse to maintain the contents of the memory. 
As shown in FIG. 3, a pulse generator 70, which may 

be a monostable multivibrator or one shot, is triggered 
by an application of a clock signal. Other pulse genera 
tors may be employed which can furnish pulses of pre 
determined magnitude and duration sufficient to supply 
the requisite power to restore, through the phenomenon 
of charge pumping in the refresh capacitor C1 24, the 
positive voltage which may have been diminished by 
electrons leaking to the memory cell. 



7 
A sense amplifier, which may be adopted for use in 

the memory 30 of the present invention, has been de 
scribed and shown in the patent to Dennard, et al., U.S. 
Pat. No. 3,949,381, issued Apr. 6, 1976. 
Thus, there has been disclosed a novel, three-element 

charge pumped, automatic refresh dynamic storage 
RAM cell. As with conventional devices, the informa 
tion is stored in the diffusion to substrate capacitance 
and a field effect refresh capacitor, having a charge 
pumping capability, of approximately the same capaci 
tance is provided to periodically restore an increment of 
"positive charge' or remove electrons, thereby main 
taining a storage junction at a voltage sufficient to rep 
resent the storage of a binary "1". The voltage at the 
storage junction, when a '1' is stored, gates a refresh 
transistor into conduction so that a periodic refresh 
signal can be applied to the gate of the refresh capacitor. 
Word and bit signals are applied to the source or 

drain and gate of a transistor, thereby requiring only a 
single transistor for a read or write operation. The cell 
of the present invention can be employed in a matrix of 
conventional design, thereby permitting the simple 
mechanization of a small 5.0 volt random access mem 
ory with modest power requirements. 
While the invention has been shown utilizing MOS 

FET devices, it is believed that any actuable, switch 
type, device may be substituted for the data transistor 
Q1 or the refresh transistor Q2. Similarly, although the 
refresh capacitor has been described as a field effect 
device having a gate and a source and drain coupled 
together, it is believed that any insulated gate, diffusion 
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device in which the gate was one electrode and the 
diffusion was the other electrode, with a capacitance 
between the electrodes, would exhibit a charge pump 
ing property and therefore could be utilized. However, 
for relatively low voltage operation, a depletion mode 
MOSFET capacitor is employed. 
Accordingly, the invention should only be limited by 

the scope of the claims appended hereto. 
What is claimed as new is: 
1. An integrated circuit, three element, stored charge, 

refreshed, semiconductor memory cell, comprising in 
combination: 

(a) a first actuable device adapted to couple a first 
selection line to a storage junction, and adapted to 
be controlled by a second selection line; 

(b) an integrated circuit field effect capacitor having 
an insulated gate electrode and a second electrode 
exhibiting substantial capacitance between said 
gate electrode and said second electrode, said sec 
ond electrode being connected to said first actuable 
device at the storage junction and capable of 
charge pumping from one electrode to the other 
electrode thereof; 

(c) a second actuable device for receiving applied 
refresh signals and selectively coupling such re 
fresh signals to said gate electrode of said capaci 
tor, said second actuable device having a control 
electrode coupled to said storage junction and 
being responsive to the storage of a first valued 
signal at said storage junction to admit refresh 
signals to said capacitor gate electrode, and opera 
ble in response to the storage of a second valued 
signal to block application of refresh signals to said 
capacitor gate electrode; 

whereby refresh signals can pump charge through 
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said capacitor to maintain the voltage at said stor 
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age junction representing the presence of a first 
valued signal. 

2. The cell of claim 1, supra, wherein said first and 
second actuable devices are enhancement mode FET 
devices and said capacitor is a depletion mode device. 

3. The cell of claim 1, supra, wherein said first and 
second actuable devices and said capacitor are n-chan 
nel field effect devices. 

4. The cell of claim 3, supra, wherein said first and 
second actuable devices are enhancement mode de 
vices. 

5. The cell of claim 2, supra, wherein said first and 
second actuable devices are transistors with sources, 
drains and gates and wherein said first device drain is 
coupled to a word select line and said first device gate 
is coupled to a bit select line, said second device drain is 
coupled to a refresh signal line and said second device 
source is coupled to said capacitor gate electrode. 

6. In an integrated circuit memory adapted to be 
coupled to a source of refresh signals, a source of word 
select signals and a source of bit select signals, a charge 
pumped storage cell comprising in combination: 

(a) a data transistor having a gate, source and drain; 
said gate being adapted to be coupled to a one of 
the source of word select and bit select signals, one 
of the source and drain being adapted to be coupled 
to the other of the source of word select and bit 
select signals; 

(b) an integrated circuit capacitor having a coupled 
source and drain and a gate, said source and drain 
being connected to the other of said data transistor 
Source and drain, remote from the connection to 
the source of select signals, said capacitor having a 
capacitance between said gate and said source and 
drain when uncharged that is approximately the 
same order of magnitude as the diffusion to sub 
strate capacitance; and 

(c) a refresh transistor having a gate, source and 
drain, one of said source and drain being connected 
to said capacitor gate, the other of said source and 
drain adapted to be connected to the source of 
refresh signals; said refresh transistor gate being 
coupled to said capacitor source and drain, 

said data transistor being responsive to simultaneous 
application of word and bit select signals for apply 
ing one of its select signals to the parallel combina 
tion of said capacitor and the diffusion to substrate 
capacitance, for storing a predetermined charge 
thereon and developing a voltage sufficient to bias 
said refresh transistor into conduction to apply a 
refresh signal to charge pump the series combina 
tion of said capacitor and the diffusion to substrate 
capacitance. 

7. The cell of claim 6, supra, wherein said data and 
refresh transistors are enhancement mode FET devices 
and said capacitor is a depletion mode device. 

8. The cell of claim 6, supra, wherein said data and 
refresh transistors and said capacitor are n-channel de 
Vices. 

9. The cell of claim 8, supra, wherein said data and 
refresh transistors are enhancement mode devices. 

10. The cell of claim 7, supra, wherein said data FET 
drain is coupled to the word select source and said data 
FET gate is coupled to the bit select source, said refresh 
FET drain is coupled to the refresh signal source and 
said refresh FET source is coupled to said capacitor 
gate. 
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